Station, Ogden, Utah, headquartered at Provo.
The poisonous weed halogeton (Halogeton glomerutus) has been given more attention in recent years than most other range plants. Within about 15 years after its discovery near Wells, Nevada, in 1934 (Dayton, 195 l) , this introduced annual had spread over vast areas of the salt-desert shrub and adjacent range types of the Intermountain region (Tisdale and Zappettini, 1953) . It is found in at least eight western States (Robocker, 1959) , and its spread continues in these States although much has been done toward curbing it.
Complete control of halogeton was considered impractical rather early by Stoddard, Holmgren, and Cook (1949) .
These and other writers (Stewart, 1951; Stoddart et al., 195 1; Erickson et al., 195 1) stressed the importance of good range management to reduce the spread of halogeton and prevent livestock losses. The wisdom of this philosophy has been confirmed by research on various phases of the problem, including chemical control. No chemical agent yet tested has been found to be 100% effective, mainly because of inherent qualities of the plant and its seeds (Robocker, 1959; Cronin, 1965) . One helpful practice is to seed adapted grasses such as fairway and crested wheatgrasses (Agropyron cristatum and A. desertorum) on depleted ranges that might otherwise be invaded by halogeton (Hull and Holmgren, 1964; Cook, 1965 ). The present paper reports results of 12 years' observations on the invasion and spread of halogeton on range seeded to these grasses at the Benmore Experimental Area near Vernon, Utah. Intensity of grazing, season of grazing, soils, and precipitation were all studied.
Although fairway and crested wheatgrasses are not adapted for seeding the driest areas where halogeton grows, the observations made at Benmore lead to conclusions that may be applied to both seeded and native ranges. Halogeton was first found on the northern (lower) end of the experimental area in 1952. An attempt to eradicate the halogeton was at first considered, but the decision was made to observe the plant's spread under varied grazing conditions. The crested wheatg-rass stands were then 10 to 14 years old. When the halogeton observations were begun, grazing studies were in progress in the experimental area; three intensities of spring grazing were underway on twenty-four loo-acre units. Four additional units were used for holding cattle. The experimental units were grazed from about April 20 to June 20 each year from 1948 to 1958 inclusive. In 1959, all units were rested from spring grazing, but they were grazed moderately that fall and again in the spring of 1960 in preparation for a new grazing study. In the new study, which began in 1961 and continued through 1964, the different units were grazed in one of six periods from April to December, except that in one treatment certain units were grazed in both early spring and early fall. Thus, the observations on halogeton reported here cover the period of two separate grazing studies.
Study Area and Methods

The
Each year in early September, from 1952 through 1958, the distribution of halogeton in the experimental area was plotted on a map. Halogeton is most conspicuous at that time of year, and could be easily seen wherever spring grazing had removed much of the grass herbage.
Mapping of halogeton was discontinued after 1958 because of difficulty in charting the areas in the ungrazed crested wheatgrass. When halogeton had become fairly abundant in 1956, plants were counted on 40 permanent lOO-ft2 plots in each of the 24 experimental units. Counts were repeated on the same plots in alternate years until and including 1964.
Soil from areas supporting halogeton and from nearby areas that had no halogeton was analyzed to changeable sodium were determined by standard determine salt content. Analysis for total soluble methods. Precipitation records were obtained from salts was by the bridge method; amounts of exstorage gages on the experimental area and also from recording gages during the summer periods of high-intensity storms, July through September. Visual observations and photographs provided supplementary information. 
Intensity of grazing.--Intensity of spring grazing strongly influenced halogeton invasion of crested wheatgrass.
Initially, in 1952, three plants of halogeton were found on heavily grazed spots on the northwest corner of the experimental area in unit 28 (Fig. 1) Halogeton was widespread over heavily grazed units, but was confined to heavily grazed spots in units grazed lightly and moderately (Fig. 2) . The general movement of halogeton from north to south was opposite to the direction of prevailing winds but was in the direction of intermittent winds. Undoubtedly animals and vehicles helped to spread seeds. Maximum spread of halogeton on the experimental area was reached in 1957, when plants appeared in 21 units (Fig. 1) . Heaviest infestations were on the north portion of the experimen- Season of grazing.-Following 196 1, halogeton declined on units where spring grazing was changed to summer or fall grazing. In 1964, most halogeton was found in units where spring grazing had been continued.
Thus, of the five units in which infestation of halogeton had been heaviest until 1962, the two units (26 and 23) that were grazed in late summer and early fall under the new study contained relatively little halogeton in 1964 (Table 1) . On the other hand, frequency of halogeton increased and the number of plants remained fairly high on three units (19, 22, and 28) grazed in spring. Field observations showed that most of the decline of halogeton under summer and fall grazing (units 23 and 26) occurred in 1963, but, of course, a plant count was not made until 1964. Since all units were grazed in the spring of 1960, this suggests that at least 2 years of deferment from heavy spring grazing were required for effective control of halogeton.
Soils and topography .-In the experimental area, halogeton invasion is related to topography and soils. Soils toward the south end, where halogeton is absent, consist of alluvial overburden on top of the older soils. The long, narrow areas occupied by halogeton (Fig. 1) on the older soils generally parallel channels in the drainage system. Except for patches near intermittent stream channels, most of the halogeton infestation is on the slightly higher ridge areas, which were more subject to sheet ero- sion and loss of topsoil prior to seeding than were the swale areas. Also, the ridges receive less moisture than most areas because wind blows some snow away from them. Salt content of soil is important to halogeton occurrence, as evident from data in Table  2 . Soil samples from four heavily grazed areas in lightly grazed units where halogeton invaded contained much higher salt concentration for all depths sampled than did the soil on four adjacent areas (within 20 ft) where halogeton was absent. These areas appear similar to the so-called slick spots that can be found in cultivated fields throughout the West. This higher concentration of total soluble salts, but particularly the presence of sodium, creates a soil structure that is unfavorable to growth of grass. Analysis of selected soil samples from the overall group showed up to 2.6 milliequivalents of exchangeable sodium in the O-6 inch depth and up to 7.9 me of exchangeable sodium in the 6-12 inch depth. In these areas a heavy clay subsoil begins near the 6-inch depth.
The slick spots invaded by halogeton show characteristically poor growth of perennials. Due to soil moisture retention, frost-heaving of grass plants is often pronounced on these patches in early spring, so that plants are more pedestaled than on surrounding areas. Wooden stakes driven 6 inches or more into the ground may be completely heaved out of the soil in some years. In early spring when soil moisture is abundant, cow tracks are deeper on the slick spots than on surrounding areas. Although crested wheatgrass grows on slick areas, it was slow to become established.
The plants are shorter lived, spaced farther apart, and grow less rank than on surrounding areas. Also, grass tends to dry earlier and regrowth is often very limited after early spring grazing.
The grass herbage on these areas is usually grazed heavily by cattle at any period from April to December.
Rabbits also prefer grass on these areas as observed in 1959 and at other times when cattle did not graze in the spring.
Annuals other than halogeton have been prominent on the slick areas at various times; these include cheatgrass brome (Bromus tectorum), Russianthistle (Salsola kali tenuifolia), and clasping IRecorded precipitation for July-September of preceding year plus precipitation for May-June of current year.
pepperweed (Lepidium perfoliatum).
Of these, pepperweed has been the most consistent occupant. Within the last few years, bur buttercup (Ranunculus testiculutus)
is a newcomer on some of these areas. Like pepperweed, this plant utilizes early spring moisture and completes growth before the summer period of main halogeton growth.
Big sagebrush (Artemisia tridentutu) and rubber rabbitbrush (C hryso t humnus nuuseosus) invade slick areas in wet years, but growth is usually slow and plants are stunted and often short-lived. On these areas sagebrush roots are confined to shallow depths above the clayey subsoil, whereas rabbitbrush roots will penetrate it. On similar unseeded range outside the pastures, the most prominent plants on the slick spots are bud sagebrush (A. spinescens), which has a shallow root system, and gray molly (Kochiu americana).
Precipitation.-The abundance of halogeton from year to year is highly dependent upon precipitation. Data in Table 3 were best correlated with precipitation for July through September of the preceding year plus May-June precipitation of the current year. The correlation coefficient was .91 for this precipitation with numbers of permanent plots that were infested by halogeton.
The coefficient for the same precipitation with numbers of halogeton plants per 100 ft2 of area was .92. Precipitation during July through September would greatly influence the amount and quality of seed produced, whereas precipitation during the following May and June would influence seed germination and seedling establishment.
Cronin (1965) indicated that dry weather in the spring months is of critical importance for halogeton establishment. The great increase of halogeton shown by the reconnaissance survey in 1955 is attributable to above-average July-through-September precipitation in 1954 (3.09 in.) followed by above-average May-June precipitation in 1955 (2.99 in.) . Longterm averages for these periods are 2.59 and 1.99 in., respectively.
High precipitation in one of these periods can compensate to some extent for relatively low precipitation in the other period. Thus, the abundant precipitation in May and June of 1957 (3.64 in.) tended to compensate for belowaverage precipitation (0.91 in.) for the Julythrough-September period in 1956, so that halogeton showed increased spread in 1957.
Reconnaissance surveys in 1958 showed a great decline from 1957 in the area occupied and the number of plants of halogeton (Fig. 1) 
salts in soil, and (4) total precipitation during July-September of the previous year plus May-June precipitation in the current year. This total precipitation gave highest positive correlation with frequency and numbers of plants. Halogeton became most abundant and widespread on ranges grazed heavily (80%) in spring. On these areas where halogeton was abundant, at least 2 years' deferred grazing (late summer or early fall) was required to effect substantial reduction of the weed. Halogeton persists on spring grazed ranges.
Even under seeding and light stocking, certain slick-spot areas are heavily grazed. These ecological niches are vulnerable to invasion by halogeton; their soils contain larger amounts of total soluble salts and more exchangeable sodium than surrounding areas. Such areas require occasional deferment from spring grazing to prevent halogeton invasion or to keep it light. Large populations of rabbits may hinder control of halogeton because they, too, often overgraze the competing plants on slick spots. 
